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ackground: Polygalacturonase is one of the most important commercial pectinase. The 
production cost and the mesophilic nature of the present polygalacturonase is a big problem in its 
application in the juice industry. A lot of work is going on for the isolation of thermophilic 
bacterial strains which can utilize pectin as the only carbon source.  
Methods: Bacterial strains were isolated from rotten fruits and vegetables and cultured at 50 - 70oC. The 
strains were than screened for endopolygalacturonase activity and identified on the basis of 16S rRNA 
sequence. Different growth parameters for the production of endopolygalacturonase by Bacillus 
licheniformis IEB-8 were optimized using Response Surface Methodology under Center Composite Design 
using JMP-12 software. Endopolygalacturonase was purified in two steps; ammonium sulfate precipitation 
and then by size exclusion column chromatography. 
Results: Only four strains, IEB-8, IEB-11, IEB-12 and IEB-13 showed growth above 60oC. Among these 
four, only IEB-8 was found to be endopolygalacturonase positive, which was identified as Bacillus 
licheniformis by 16S rRNA gene sequence. Purification fold of 2.57 and 7.48 in the specific activity were 
achieved using ammonium sulfate precipitation and gel filtration chromatography respectively. Molecular 
weight of the purified endopolygalacturonase was found to be 42 kDa. The purified 
endopolygalacturonase showed an optimum pH of 7 and optimum temperature of 55oC.  
Conclusion: Bacillus licheniformis IEB-8 is a novel bacteria which can efficiently be utilized in the industry 
for the production of endopolygalacturonase very cheaply. Furthermore, the high optimum working 
temperature of endopolygalacturonase, increases its significance for its industrial applications. 
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Introduction  
Enzymes cleaving the pectic substances are broadly 
known as pectinolytic enzymes or pectinases [1]. These 
enzymes include endopolygalacturonase(endo-PG) (EC 
3.2.1.15), exopolygalacturonase (exo-PG) (EC 3.2.1.67), 
pectatelyases (EC 4.2.2.2), pectin lyases (EC 4.2.2.10) 
and pectin methyl esterases (EC 3.1.1.11) [2-4]. 
Polygalacturonases (PGs) obtained from different 
sources work at different pH values, which are typically 
acidic or rarely basic, and determine the potential 
application of these enzymes [5]. The importance of 
these enzymes are reflected in their annual sales which  
is found to be $75 million [6]. Aspergillus niger is usually 
used for the commercial production of PGs on industrial 
scale. However, very few researches have been done for 
the production of PGs from bacterial sources [3]. 
Bacteria have extra advantage that they are not 
influenced by various climatic conditions and other 
seasonal factors [7]. Bacillus bacteria are considered as 
the most suitable source of many commercially used 
enzymes. They are advantageous because they can be 
cultured in lab under extreme conditions like high 
temperature and wide pH range, resulting in the 
production of industrially important enzymes, which 
are very stable and active in a wide range of harsh 
environmental conditions [8]. 
Recently, response surface methodology (RSM) has 
been extensively used for the process and media 
optimization studies for enzyme production [9,10]. This 
method represents a set of statistical techniques for 
executing planning and evaluating the effect of 
independent variables on the desired variable response 
[10].  Polygalacturonases that work at high temperature 
are very important for their applications in industrial 
process which are carried-out at 50-60°C [11]. 
Processing of fruits and vegetables at high temperature 
causes reduction of microbial contamination as well as 
increase the pectin solubility and decrease the viscosity 
of liquid [12]. A lot of work is going on for the isolation 
of thermophilic bacterial strains which can utilize pectin 
as the only carbon source [2].  
Keeping these points in mind, the present study was 
carried out for the isolation, identification and 
characterization of a Bacillus species which can grow 
above 50oC and produce thermophilic endo-PG.  
 
Methods 
Isolation of the microorganism  
Rotten fruits and vegetables were collected from 
Rawalpindi and Islamabad during summer season 
[13,14]. The rotten parts of these samples were dissolved 
in the normal saline solution (0.9% NaCl in distilled 
water) and spread on medium containing 2% agar, 1% 
yeast extract, 1% peptone and 0.5% sodium chloride 
(YEP medium) and grown at 50-70oC [15]. The isolates 
were purified by sub-culturing on the new plates. Four 
isolates, IEB-8, IEB-11, IEB-12 and IEB-13, showed 
growth above 60oC. The purified isolates were preserved 
in the form of STAB cultures at 4oC [16,17]and 50% 
glycerol stock solutions at -80oC [18, 13].  
Screening for endo-polygalacturonase activity 
Endo-polygalacturonase positive isolates were screened 
in three steps. In the first step, pectinase positive isolates 
were screened. For this purpose, 2µL of the isolates were 
grown at 55oC for 24 hours in the screening medium 
(YEP plus pectin) [19]. The plates were flooded with the 
3% CTAB solution [20,21] and incubated at 55oC for 10-
15 minutes. [15,22,21]. Pectinase positive cultures were 
indicated with a clear zone around colonies. In the 
second step polygalacturonase positive cultures were 
screened by the polygalacturonase assay 
[23,24,19,17,13,25]. The product of the 
polygalacturonase assay was run on the TLC plate. 
Galacturonic acid was used as standard to check the 
nature of the polygalacturonase to be endo- or exo-[26].  
Molecular identification of the isolate 
DNA was isolated from the liquid culture by CTAB 
method. [13,25]. Universal primers 27F 
(5’AGAGTTTGATCCTGGCTCAG3’) and 1492R 
(5’CGGTTACCTTGTTACGACTT3’) were used for the 
16S rRNA gene amplification [3,25]. The PCR mixture 
contained 1µL of 10mM dNTPs, 5µL of 10X PCR buffer, 
4µL of MgCl2 (50mM), 2µL of forward primer (10µM), 
2µL of reverse primer (10µM) and Taq polymerase 
0.25µL, 3µL of Genomic DNA and 32.75 µL of sterile 
double distilled water in a 50µL reaction mixture 
[22,19]. The PCR product was run on 0.5% agarose gel 
(containing 2µL of cyber stain) and confirmed by band 
almost equal to 1500bp (Figure 1). The PCR product was 
gel purified using “Ultra Clean® 15 DNA Purification 
Kit” by “MO BIO Laboratories, Inc.”. The purified PCR 
product was sequenced from “University of Rochester 
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Center of Genomics, University of Rochester, NY, 
USA”. The sequence was assessed through “DNA 
Dragon 1.5.2” to obtain a consensus sequence and was 
submitted in the GenBank to get the accession number. 
The strain was identified by using the sequence of the 
16S rRNA gene through EzBioCloud's Identify service 
(https://www.ezbiocloud.net/identify) and further 
searched using BLAST tool available at NCBI server 
(https://blast.ncbi.nlm.nih.gov/Blast.cgi) [19,22,13]. 
Response surface methodology for the optimization 
of the production parameters for endo-PG by Bacillus 
licheniformisIEB-8 
Growth temperature, pH, inoculum size, inoculum age, 
substrate water ratio and fermentation period were 
optimized for IEB-8. Commonly, each parameter is 
being optimized separately [27,28,19,15,4], making the 
optimization a time consuming process. RSM under 
central composite design (CCD) was used for the 
optimization of all of the production parameters for the 
endo-PG [17]. RSM gave 46 treatments for the 
optimization of all of the said parameters in one 
experiment, and if doing separately, these parameters 
would have been optimized in seven days at minimum. 
JMP-12 was used for designing the experiment.  
Use of agriculture waste for the production of the 
endo-PG 
Citrus peels, white-radish peels and apple peels, being 
amongst the major agriculture wastes of the local area 
were used for the production of endo-PG. These 
substrates were collected in bulk quantities from the 
local market, dried and ground to fine powder. The 
powder was meshed with 40mm sieve [17,4]. This 
meshed powder was used as substrate for the growth of 
IEB-8, resulting in the production of different enzymes 
included endo-PG. The agriculture waste which gave the 
maximum production of endo-PG, was used in the next 
experiments.  
Purification of endo-PG 
Partial purification by ammonium sulfate 
precipitation  
Different fractions of ammonium sulfate including 40%, 
50%, 60%, 70% and 80% were used for the partial 
purification of the endo-PG. The calculated mass of 
ammonium sulfate was added slowly to the crude extract 
placed at 4oC [27,22]. The crude extract was 
continuously stirred to dissolve the added ammonium 
sulfate. The contents were allowed to stir for 15 minutes 
and centrifuged at 13000 RPM (20217 g) for 15 minutes. 
The supernatant was used for precipitation with the next 
percentage of the ammonium sulfate and the pellet was 
dissolved in the phosphate buffer (pKa7.2) for the 
membrane dialysis [29]. “Slide-A-Lyzer® 3.5K Dialysis 
Cassettes G2” by “Thermo Scientific” were used to 
dialyze the samples. All of the extracts were used for the 
enzyme assay to check the presence of the endo-PG 
[30,4].   
Size exclusion column chromatography for the 
further purification  
Partially purified endo-PG was further purified by size 
exclusion column chromatography. Sephadex G-100 
was used for size exclusion column chromatography. 
The gel was packed in the 60×100 column by several 
runs of the buffer. One (1) mL of the partially purified 
and dialyzed extract was applied to the column for the 
purification. Fifty elusions were taken after the interval 
of 2 minutes [4]. All of the elusions were run on nano-
drop spectrophotometer to check the presence of the 
proteins. The elusions giving the presence of the 
proteins were used for the endo-PG assay to check the 
presence of endo-PG. The elusion giving the positive 
endo-PG assay was run on SDS-polyacrylamide gel 
electrophoresis to check the purity of the sample 
[16,27,22,19].  
Characterization of endopolygalacturonase 
Endo-PG was characterized by determining its 
optimum temperature and pH of its activity. Enzyme 
assay was carried out at different temperatures (45oC, 
50oC, 55oC, 60oC and 65oC) and different pH values (5, 
6, 7, 8 and 9) of the buffer. 
Results 
Molecular characterization of IEB-8 as B. 
licheniformis  
The 16S rRNA gene sequence of B. licheniformis IEB-8 
was submitted to GenBank with an accession number 
KY816931. The 16S rRNA gene sequence of IEB-8 was 
identified by EzBioCloud's Identify service 
(https://www.ezbiocloud.net/identify) using authentic 
quality-controlled databases of 16S rRNA sequences. 
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The full-length 16S rRNA gene showed highest sequence 
identity of 99.86% with DSM 13 strain (ATCC 14580T) 
of Bacillus licheniformis (GenBank accession number 
AE017333) suggesting IEB-8 to be a strain of Bacillus 
licheniformis species. The BLAST search on NCBI 
nucleotide database [19,13], showed similarity with 
many of the B. licheniformis strains.  
 
 
Figure 1: Figure showing the results of 16S rRNA PCR product of B. 
licheniformis IEB-8. Column 1 shows the ladder of 1kb plus. Column 
2 and 3 show the 16S rRNA PCR products of B. licheniformis IEB-8 
isolate. The band size of the PCR product is almost equal to 1500 bp. 
Optimization of production parameters using RSM 
Fermentation period, inoculum size, inoculum age, 
substrate water ratio, growth temperature and growth 
pH were optimized using RSM under CCD using JMP-
12 software. Enzyme activity was determined against 
each treatment and was inserted in the software. Surface 
profiler and contour profiler of the treatments were 
prepared for all of the parameters. Surface profiler (3D) 
and contour profiler (2D) [17] of the said parameters are 
shown in the Figure 2 and figure 3 respectively. Contour 
profiler showed the inoculum age to be 16.32 hours, 
inoculum size to be 7.77%, substrate water ratio to be 
2.98%, fermentation period to be 70.58 hours, 
temperature to be 58.65oC and pH to be 6.97. All of the 
optimized parameters were also obtained from the 
prediction profiler shown in figure 4. 
Purification of endo-PG 
Ammonium sulfate partial precipitation of endo-PG 
Among different concentrations of ammonium sulfate 
used for the partial purification of endo-PG, 70% gave 
the maximum precipitation. The maximum amount of 
endo-PG precipitated was checked using the endo-PG 
assay. The initial concentrations of ammonium sulfate 
did not show any of the considerable endo-PG activity, 
but 70% ammonium sulfate showed maximum endo-PG 
activity. The partially purified endo-PG showed endo-
PG activity of 77 IU/mL/min and specific activity of 11 
U/mg with a 2.57 fold increase in the specific activity 
(table 1).  
 
Figure 2: Figure showing the Surface profiler of (a) fermentation period and substrate 
water ratio (b) inoculum age and inoculum size (c) pH and temperature 
 
Figure 3: Figure showing the contour profiler of (a) substrate water ratio and fermentation 
period (b) inoculum age and inoculum size (c) pH and temperature 
 
Figure 4: Figure showing the prediction profiler with a maximum desirability. Prediction 
profiler shows all of the optimized parameters altogether in a one figure. 
Size exclusion column chromatography for the 
purification of endo-PG 
Fifty elusions were taken from the column 
chromatography and were initially run on the nano-
drop spectrophotometer at 280nm to check the presence 
of the proteins. Twenty five elusions showed the 
presence of the proteins and were used for the endo-PG 
assay. Out of those 25 elusions, only two elusions gave 
the positive assay for endo-PG.  One of the elusions was 
run on the SDS-PAGE. The stained SDS-PAGE, showed 
one band indicating the presence of a single protein, i.e. 
endo-PG. The size of the endo-PG was found to be 
  Ladder  IEB-8   
2000bp 
1500bp 
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42kDa (Figure 5). The gel purified endo-PG showed 
endo-PG activity of 124.8 U/mL/min and specific 
activity of 32 U/mg with a 7.48 fold increase in the 
specific activity (table 1). 
 
Figure 5: Figure showing the results of SDS-PAGE. Column 1 shows 
the protein molecular weight ladder while well 2 shows a single band 
of endo-PG produced by B. licheniformis IEB-8. The band size shows 
the molecular weight of the protein to be approximately 42kDa 
 Volume 
(mL) 
Endo-PG 
activity 
(U/mL/min) 
Protein 
Conc. 
(mg/mL) 
Total 
Activity 
(U) 
Total 
Protein 
(mg) 
Specific 
activity 
(U/mg)  
Purification 
fold 
Crude extract 200 48 11.2 9600 2240 4.28 1 
Ammonium 
sulfate partially 
purification 
20 77 7 1540 140 11 2.57 
Size exclusion 
chromatography  
4 124.8 3.9 499.2 15.6 32 7.48 
Table 1: Purification table of endo-PG produced by B. licheniformis IEB-8. 
 
Figure 6: Figure showing the graph for the determination of optimum 
temperature and pH for endo-PG activity. The two factors were 
optimized by using two factor factorial experiment. The graph shows 
that maximum endo-PG activity was observed at pH 7 and at 55oC 
temperature. 
 
Characterization of endo-PG 
Among different pH values used for the enzyme assay, 
endo-PG gave good results at pH 6 and 7, while 55oC was 
proved to be the optimum temperature for the endo-PG 
activity. Increasing or decreasing temperature had 
negative effect on the endo-PG activity, similarly an 
increased or decreased pH than 7 also showed negative 
effects on the endo-PG activity (Figure 6). Optimum 
temperature of 55oC and pH of 7 showed an endo-PG 
activity of 46 IU/mL/min. Endo-PG showed activity of 
36 IU/mL/min at pH 8 and 55oC indicating that it was 
somewhat stable at pH 8. Different optimum 
temperatures and pH values had been reported by 
different scientists. 
Discussion  
Polygalacturonases that work at high temperature are 
very important for the processing of the fruit juices, 
which is carried-out at 50-60°C. Fungal PGs have 
optimum pH ranging from 3.5 to 5.5 [31] and being 
acidic in nature cannot be used for the maceration of 
vegetables while bacterial PGs being alkaline in nature 
can efficiently be utilized for the maceration of the 
vegetables. Most of the reported PG production is from 
mesophilic bacteria and ranges from 32-37oC [32]. Jahan 
et al. [33] reported the production of polygalacturonase 
from B. licheniformis KIBE-IB3 from agro-waste with a 
growth temperature of 37oC. Ghani et al. [34] reported 
the production of polygalacturonase from B. 
licheniformis at 37oC. Rehman et al. [14] and Embaby et 
al. [31] have reported the production of 
polygalacturonase from B. licheniformis KIBGE-IB21 
and B. licheniformis SHG-10 respectively. All of them 
have reported the optimum growth temperature of the 
B. licheniformis to be 37oC. The current study resulted in 
the isolation of a novel thermophilic strain of B. 
licheniformis IEB-8 producing endopolygalacturonase, 
capable of growing over 60oC with an optimum growth 
at 58oC. 
Commercialization of any enzyme is constricted to 
the high cost of production process. Efforts are going on 
to find the new ways to make the production cheap by 
using different agro-wastes. Rehman et al. [14] have 
mentioned the use of agro-waste as the sole source for 
the growth of the B. licheniformis SGH10. Jahan et al. 
[33] have mentioned the screening of different agro-
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wastes, including apple peels, orange peels, lemon peels, 
potato peels and wheat bran as source of nutrients for 
the production of pectinase by B. licheniformis KIBE-
IB3, and finally mentioned wheat bran as best pectin 
source. In our study, we evaluated the potential of citrus 
peels, white-radish peels and apple peels as a source of 
pectin and other nutrients for the growth of B. 
licheiformisIEB-8. Citrus peels gave the maximum 
production of PG with an activity of 45 IU/mL/minute. 
B. licheniformis IEB-8 used citrus peels as the only 
source of nutrients.  
Ammonium sulfate is preferred for the precipitation 
of proteins because of the low cost and rare denaturation 
of proteins. The optimum concentration of ammonium 
sulfate causing the precipitation of the proteins ranges 
from 60-80%. [35]. Ngo et al. [16] had mentioned 70% 
ammonium sulfate concentration to be the optimum for 
the endo-PG precipitation. Arijit et al. [22] have 
reported 80% of the ammonium sulfate concentration to 
be the best for pectinase precipitation with a 2.6 fold 
increase in the enzymatic activity. Different scientists 
have reported different molecular weight of PGs, which 
ranged from 38kDa to 72kDa [19,4]. The molecular 
weight of our extracted endo-PG falls in the already 
reported endo-PG’s molecular weight.  
Different reports are available considering the 
optimum pH and temperature of the PG activity. PGs 
produced by the fungi have optimum pH in the acidic 
range while PG obtained from the bacteria have 
optimum pH in the neutral-alkaline scale [31]. Our 
results are in agreement with this statement with an 
optimum pH around 7 which is neutral-alkaline. Some 
other scientists also have reported optimum pH to be 6.5 
[36,19]. 
Among different reports available for the production of 
PG by different bacteria, this is the only report, 
describing the production of endo-PG, having optimum 
activity at 55oC, which is the ideal temperature for its 
application in the industries. B. licheniformis IEB-8 is 
able to utilize citrus peels as a sole source of nutrients for 
its growth resulting in the cheap production of endo-
PG. Ammonium sulfate and ammonium chloride 
further enhanced the production of endo-PG in the 
presence of citrus peels. The enzyme was characterized 
with an optimum pH around 7, optimum temperature 
to be 55 oC and specific activity of 32 U/mg. 
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